Carrier cultures of L cells infected with wild-type vesicular stomatitis virus (VSVo) were initiated without the use of defective-interfering particles or homologous interferon. The cloned viruses recovered from such carrier cultures after passage 21 were characterized as temperature-sensitive. Furthermore, these clones of the mutant showed restricted replication at permissive temperature in HEp-2 cell cultures as compared to the wild-type VSV o. This restrictive replication of the mutant in HEp-2 cells was not due to a defect in the expression of virion-associated primary transcriptase activity in vivo, but due to the marked reduction in virus-specific amplified RNA synthesis. These results suggest that a host function(s) yet to be characterized may govern the synthesis of mutant virus-specific amplified RNA in HEp-2 cells.
culture medium of carrier cultures it was observed that virus, after passage 19, produced very tiny plaques (< 1 mm diam.) at 48 h as compared to the wild-type VSV o which produced plaques of 2 mm diam. Such a change in the plaque size of the virus population from cultures persistently infected with VSV has been noted by others (Youngner et al., 1976; Nishiyama, 1977 (1976) .
To further study and characterize the small-plaque virus population from carrier cultures, four plaques from passage 21 were cloned from terminal plaque titration dilutions in primary CE cells at 37 °C. The cloned viruses (VSVts. ~ to VSVts_4) were again tested for their ts property by their ability to replicate in primary CE cells at 37 and 40 °C. Duplicate cultures of primary CE cells (1 x 106 cells) were infected with the appropriate virus (5 p.f.u./cell) in the usual manner and incubated at either 37 or 40 °C. Virus yields were harvested at 24 h after infection and infectivity determined by plaque assay at 37 °C. The results shown in Table 1 (a, ii) confirm the ts nature of these clones since they produced reduced yields at 40 °C as compared to the wild-type virus. It should also be stressed that all the clones retained their small-plaque property throughout these experiments.
VSV is known to have a very broad host range and has been extensively studied in cultured cells of vertebrate and invertebrate origin. It is, however, interesting to note that in certain cell systems VSV can become more dependent on host functions through a marked decrease in its RNA or protein synthesis (Nowakowski et al., 1973; Thacore & Youngner, 1975; Levinson et aL, 1978) . Recent studies of ts mutants and host-restrictive mutants of VSV have provided valuable information regarding the role of host cell function(s) in VSV replication (Simpson & Obijeski, 1974; Nishiyama et al., 1978; Pringle, 1978; Simpson et al., 1979) . Experiments were therefore conducted to test the possibility of restricted growth of these ts clones in various cells. A number of cell cultures of human and simian origin were used in these experiments. Primary CE cells were used as a permissive host. Monolayer cell cultures were infected with VSV o and VSVts_ 1 (1 p.f.u./cell) at 37 °C in the usual manner. A relatively low input of virus was used to avoid possible autocomplementation effects and to minimize the growth of revertants. Virus yields were harvested 48 h after infection at which time all infected cultures showed c.p.e. Yields were assayed for infectivity by plaque assay at 37 °C. Table 1 (b) shows that no significant difference was observed in virus yields between VSV o and VSVts. ~ in primary CE, Vero, HeLa and GM-2504 (trisomic for chromosome 21) cells. The yield of VSV o in primary CE, HeLa and Vero ceils was 8600, 10000 and 10000 p.f.u./cell respectively, whereas for VSVts_ ~ the yield was 4000, 3000 and 7000 p.f.u./cell respectively. In contrast, in HEp-2 cells the yield of VSVts. ~ was 140-fold less than VSV o. The yield per cell in HEp-2 cells for VSV o and VSVts_ ~ was 420 and 3 respectively. Lower yields (as compared with VSVo) were also obtained with other clones. For example, under similar experimental conditions, the yield in HEp-2 cells for VSVt~. 3 and VSVts_ 4 was 19 and 7 p.f.u./cell respectively. These results indicate that in HEp-2 cells the various clones of the mutant isolated from carrier cultures produced between 22-and 140-fold less progeny virus than the wild-type VSV o.
To further substantiate the restrictive growth of these mutants in HEp-2 cells, a single-cycle growth curve experiment was performed at 37 °C using an input of 10 p.f.u./cell as described previously (Winship & Thacore, 1979) . In cells infected with VSVo, significant progeny virus was detected in the culture medium at 2 h after infection reaching a maximum yield of 1100 p.f.u./cell between 12 and 24 h (Table lc) . In contrast, progeny virus was not detected in cells infected with VSVts_l until 6 h after infection, indicating a 4 to 6 h delay in the synthesis of progeny virus. It is also interesting to note that the synthesis of progeny virus in VSVts.l-infected cells was significantly slower than that of VSVo. For example, 8 h after infection with VSV o the progeny virus yield was 110 p.f.u./cell. In contrast, in VSVts_ ~ infected cells, approx. 8 h after detection of progeny virus (12 h post-infection) the progeny virus yield was only 9 p.f.u./cell. Furthermore, the final yield from VSVt~_l-infected cultures at 48 h was 95p.f.u./cell as compared to 1100 p.f.u./cell for VSV o. A one-step growth curve identical to VSV,;_~ was also obtained with VSVt;. 4 (Table 1 c To elucidate the nature of the defect resulting in a lower yield of VSVt~ mutant clones in HEp-2 cells, experiments were conducted to determine virus primary transcription and amplified RNA synthesis. VSVo was included for comparison. Primary transcription mediated by the virion-associated polymerase was determined by the procedure of Marcus et al. (1971) . Fig. 1 (a) shows that there was no significant difference in the accumulation of transcripts in cells infected with VSV o or with VSVts. r Primary transcriptase activity was also detected in cultures infected with VSVts_ 3 and VSVts_ 4 (data not shown).
Amplified virus RNA synthesis was determined in HEp-2 cell cultures (1 × 10 6 cells) infected with VSV o and VSVts clones (10 p.f.u./cell) in the presence of actinomycin D as described previously (Thacore, 1978) . A marked difference was observed in the time of initiation and the amount of virus-specific amplified RNA synthesis in cells infected with VSV o and VSVts clones (Fig. 1 b) . In cells infected with VSV o, amplified RNA synthesis was observed between 1 and 2 h after infection, and increased up to 8 h at which time the experiment was terminated. In contrast, in cells infected with clones VSVt~. 1, VSVt~_ 2 and VSVts. 4, no significant incorporation of label was detected during the first 4 h. Although significant amplified RNA synthesis was detected in these cultures between 4 and 8 h post-infection, the amount of synthesis was markedly reduced as compared to VSVo-infected cells (Fig. I b) . For example, at 8 h post-infection, the virus RNA synthesis in VSVts_I-, VSVt~_ 2-and VSVt~_4-infected cultures was 12, 9 and 23 % respectively of VSVo-infected cells. These RNA synthesis results correlate well with the one-step growth curve experiments in Table 1 (c) and demonstrate that the reduced yields of VSVt~ clones in HEp-2 cells, as compared to VSVo, are not due to the lack of expression of primary transcriptase activity but to a reduction in amplified virus RNA synthesis. These results suggest that some host function(s) may govern the synthesis of amplified RNA in HEp-2 cells infected with VSV cloned mutant. This conclusion is in agreement with those of Simpson and his co-workers Simpson et al., 1979) .
The data presented in this report indicate that the clones isolated from carrier cultures were not significantly different in the properties tested. The possibility exists that these clones represent a single mutant virus selected in the carrier cultures.
